Tension pneumocephalus is a rare complication of functional endoscopic sinus surgery that may lead to rapid neurologic deterioration. Patients typicallydisplay symptoms within hoursaftertheoperation, and computed tomography reveals thepresence of a skull base defect. We reporta uniquecase ofsubacute tension pneumocephalus with no obvious skull base defect, which was associated with apupil-involvingthird-nervepalsy.Wediscuss management of this complication and preventive measures for avoiding pneumocephalus afterfunctional endoscopic SinUS surgery.
Introduction
Pneumoce pha lus is th e prese nce of intra cranial air caused by a com m unica tion between the atmosp here an d epidura l, subdural, or subarachno id spaces. If th e air within the in tracranial cavity becomes trapp ed by a "ball-valve" or "inverted pop bottle" mechanism, increased intracra n ial pressure may cause mass effect and neurologic deterioration. Historical reviews ofpneumocephalus show that 75% ofcases occur after craniofacial surgery and trauma.J Pneumocephalus has also been observed after many common surgical procedures.P Various otolaryngologic op erations have been reported to cause pneumocephalus, includ ing func tio na l endoscop ic sinus surgery (FESS), intranasal ethmoidecto my, nasa l septoplasty, and turbinate resection.t-'
The incidence of pneumocephalus after FESS has not been specifically reported. However, the incidence of cerebrospinal fluid (CSF) leak after FESS, which is commonly associated with pneumocephalus, has been reported to be between 0 and 3%.6.7The increasing use of powered microdeb rider instruments along the skull base and thi n bo nes of the cribiform plate an d ethmoid sin us may be associated with a greater incidence of pne umocephalus after FESS. Church et al reported 3 cases of pneumo cepha lus in which th e use of powered inst ru men tation result ed in >2-cm skull base defects." These large defects were identified and successfully repa ired endosc op ically.'"
We prese nt a case of tensio n pne umocepha lus after FESS in which radiologic evaluation and direct endoscopic observa tion dem onstrated no obvious skull base defect. The patient also exhibited a pupil-involving third-nerve palsy that was likely caused by irr itation of the nerve by intracranial air. Management of tension pneumocephalus and prevention of this con dition will be discussed.
Case report
A 72-year-old man diagnosed with chronic rhinosinusitis underwent bilateral FESSat an outside hos pital. No obvious comp lications were reported, but th e pa tient did require restraint during extu bation. Nasal packs were removed 1 day after the surge ry, and the patient was discharged in stable condition.
The pat ient returned to the outside emergency roo m 3 days later with complaints of a headache, vomiting, and ata xia upon ambulation that had gradually developed since his discharge. He reported intermittent nasal bleeding but denied clear rhinorrhea or a salty taste sensation. Computed tomography (CT) of the head revealed left extraaxial/subdural pneumocephalus anterior to the frontallobe, without mid line shift bu t with a mild mass effect on the left ventricle. No definitive areas of bony deficiency in the cribiform plate were seen, but there was a questionable defect on the roof of the left ethmoid sinus (figure 1,A-C) .Magnetic resonance imaging (MRI) showed the largeleft pneumocephalus extending into the temporal fossa (figure 2).
The patient was transferred to our institution and started on IV . antibiotics; a left nasal trumpet was placed. No obvious CSF leak or skull base bony defect was detected on nasal endoscopy. Neurosurgical consultation recommended conservative management of the pneumocephalus after endoscopic exploration under general anesthesia and repair of any identified defects not seen on rad iographic evaluatio n.
Three days after admission and 1day before the scheduled surgery,the patient complained ofleft eye pain and diplopia on left latera l gaze. A neuro-ophthalmology examination revealed a pupil -involving left third-nerve palsy secondary to the pne umocephalus.Repeat head CT was performed, and the overall volume of intracranial air was found to be decreased slightly compared to the previous study.
The patient u nderwent endoscopic evaluation of the skull base with frame less stereotactic computer-assisted surgical navigation and int rathecal fluorescein. All sinuses were opened wide ly, cleared of postsurgical debris, and explored. The entire sphenoethmoid roof was carefully cleared of mucosa and inspec ted for a bony defect . No obvious defect was identified and no fluorescein visualized (figure 1,D).The area was repaired with a free temporalis fascia graft, Avitene,Gelfoam, and a middle meata l spacer. A frontal sinus sten t was also placed to preserve patency.
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An uncomplicated postoperative course included a repeat CT scan on postoperative day 1, showing the resolving left pneumocephalus.The pat ient was discharged on postoperativeday 3 in stablecondition.Afinal CT scan on the day of discharge showed a continued decrease in pne umocephalus size,and at 1Ocdayfollow-up,complete resolution of the pneumocephalus ( figure 3) .
At 2-week follow-up,endoscopic examination showed normal graft healing (figur e 4,A) . The patient's blurred vision and dip lopia on left lateral gaze had resolved by Lrnonth follow-up. The patient continues to be asymp tomatic and free of neurologic sequelae at 1 year, with endoscopic findings of a well-healed graft ( figure 4, B) .
Discussion
This case is unique both because ofthe prolonged period over which the patient's symptoms developed and the lack of any obvious skull base bony defect. The finding of a pupil-involving th ird -nerve palsy is also unusual in an awake patient. Tension pneumocephalus usually causes rapid neurologic deterioration within hours after surgery. The evolution of tension pneumocephalus is thought to occur via on e of two mechanisms:"ball-valve" or "inverted pop bottle."
The ball-valve mechanism occurs when elevated upper airway pressures, particularly when the patient coughs or sneez es, force air int racr ani ally through a bony defect; the air is sub sequently trapp ed by the filling of th e defect with sur ro unding soft tissue.'?The inverted pop . bottle m echanism describ es th e rush of air into a pop bottle to equalize the pressure differential as fluid pours out. It has been suggested that as CSF leaks from a skull base defect, air may be forced intracranially in the same manner," In our patient's case, the lack ofany detectable CSF leak argues against the latter mechanism.
The subacute and relatively nonspecific onset of symptoms in our patient may be related to the size of the bony defect. In the cases presented by Church et al, the large bony defects caused significant symptoms of headache, retrobulbar pressure, and vision changes within hours of the surgery," In our case, any minute bony defect allowed small amounts of air to slowly accumulate intracranially, and the air was likely trapped by the ball-valve mechanism. The patient did not complain of diplopia on left lateral gaze until postoperative day 6. Interestingly, the patient's initial complaints of headache and vomiting might be disregarded as normal postoperative changes or side effects ofpain medication. Therefore, a high degree ofclinical suspicion is necessary for early detection of pneumocephalus following FESS. Definitive diagnosis is made byCT ofthe head,although nasal endoscopy m ay also provide timely and valuable information regarding size, location, and possible CSF leak associated with the bony defect. 12 Endoscopic repair of skull base defects is best accomplished using multilayered techniques. Temporalis muscle and fascia or septal cartilage traditionally have been used as the base support of the repair, and both remain effective today. Repair of skull base defects by layered techniques has been previously described. 13, 14 The management of pneumocephalus depends on the severity of neurologic deterioration and the time of onset. Once the diagnosis and identification of the skull base defect have been accomplished, the need for invasive surgical decompression or needle aspiration must be determined. There are no strict criteria based on size of the pneumocephalus or the presence of specific neurologic symptoms that govern this decision. For cases ofsimple pneumocephalus, decompression is rarely performed since the intracranial air isgradually reabsorbed after the skull base defect has been repaired. A tension pneumocephalus more often requires neurosurgical decompression, particularly when its evolution is rapid and life-threatening. In the cases reported by Clevens et al, hypertension, declining mental status, bradycardia, respiratory depression, and papilledema developed secondary to a tension pneumocephalus several hours after an anterior craniofacial tumor resection. I S In our case, th e patient's ataxia and left third-nerve palsy were con sistent with a ma ss effect from a tension pneumocephalus. However, the patient exhibited no other signs of increased intracranial pressure or uncal herniation and had no decline in mental status. In addition, serial CT scans showed no midline shift and minimal mass effect and demonstrated the gradual resolution of the pneumocephalus despite the late onset of the third-nerve palsy. For these reasons, conservative management of the pneumocephalus was appropriate.The etiology of the patient's third-nerve palsy is less clear but may be related to irritation of the nerve by th e intracranial air rather than by compression.
Prevention of the development of tension pneumocephalus after FESS has traditionally been accomplished by nasopharyngeal airway stenting, nasal packing, and a variety of efforts to keep upper airway pressures low in the postoperative period. Straining by the patient during extubation is discouraged, and patients are routinely advised against nose blowing, coughing, or sneezing. However, despite these precautions, tension pneumocephalus still occurs. Burns et al proposed that temporary tracheotomy be considered on an elective basis in cases of craniofacial resection, to prevent the development of tension pneumocephalus. " While tracheotomy ensures negligible upper airway pressures and allows the patient to be awakened immediately after surgery for neurologic assessment, the morbidity of the procedure is excessive for routine FESS.
The increased use of frameless stereotactic computer-assisted surgical navigation devices in FESS may decrease the number of skull base complications, such as CSF leak and pneumocephalus. This technology is a useful adjunct, particularlyduring extensive craniofacial resections or skull base repair, although its cost may limit widespread adoption. In addition, as evidenced by our patient's case, tension pneumocephalus may occur via undetectable fractures in the skull base that arise from surgical manipulation of the surrounding area. Therefore, although stereotactic surgical navigation devices provide improved anatomic correlation with imaging, they do not ensure that skull base complications will not develop .
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